
VOLTAGE 
REGULATION OF THE 
DISTRIBUTION GRID

1

Voltage Regulation and Power Quality Track
Monday and Tuesday Sessions

Bob McFetridge



V O L T A G E  R E G U L A T I O N  O F  T H E  D I S T R I B U T I O N  G R I D  -  3

SESSION 3 – LTCs, regulators, and their controls
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Regulators in General:
1. Uni-Directional – They can only change the voltage on the load-side of the regulator and have no 

effect on the source-side.

2. They can correct voltage, but they have no effect on power factor.

3. They are installed in series between the Source and Load.

4. They are a voltage source, they add or subtract voltage to the existing voltage.

5. Should be used to correct voltage drop caused by real current flow.

Regulators are Series Devices
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Regulators Are a Voltage Source

1. A Series Winding is added.

2. The Series Winding can add or subtract voltage from the incoming voltage.

3. In the Neutral Position the incoming voltage (Source) bypasses the series winding and goes 
directly to the outgoing (Load). 

4. Regulators typically have 16 raise taps, a neutral position and 16 lower taps.

5. Regulators typically are 10% boost/buck and therefore change the voltage by 0.75 VAC on a 
120 VAC basis per tap.

Regulators - How they work
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Regulator Raising the Voltage
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Regulator Lowering the Voltage
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Regulator Taps
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Regulator On 1 Raise
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Regulators
Regulator Taps
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Tap Position Indicators
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Regulator Controls
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Regulator Controls
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Regulator Sizes
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Basics of Voltage Regulation

Minimum basic settings for a regulator control to operate are:
o Bandcenter (100~135 V in 0.1 V increments).
o Bandwidth (1~10 in 0.1 V increments).
o Time Delay (1~120 s in 1 s increments).

Basic Control Settings - Band
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Start with Basics – Time Delay

Time Delay has two primary functions:
1. Delay for motor starts.  Motors draw 5-7 times normal current when first 

starting and this causes a voltage sag but lasts only for 5-60 seconds.  Without 
time delay the regulator will raise the voltage when the motor starts and within 
60 seconds have to lower back once the motor is up to full speed.

2. Coordination with other devices regulating the voltage such as line regulators 
and switched capacitor banks.

Regulator Controllers

Basic Control Settings – Time Delay
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Basics of Voltage Regulation

• Two type of timers:
o Definite Time Delay – Time delay fixed (1~120 s @ 1 s).
o Inverse Time Delay – Time delay varies with the amount of voltage difference.  The 

greater the difference, the less time delay.

Basic Control Settings – Time Delay
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Basics of Voltage Regulation

• The Inverse Time TD if enabled will determine the actual 
time delay depending on how far out of band the voltage 
is:
o If the BW is set at 2 V for example, the control will take 

the full setting in seconds if voltage goes out of band 
by less than 1 V.

o If voltage drops a full BW (ie 2.V) then actual time will 
be reduced by 50%.

o If voltage drops 2 full BW (ie 4 V) then actual time will 
be 25% of setting.

• Inverse Time will allow for faster voltage recovery or 
reduction.

Basic Control Settings – Time Delay
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• Two types of TD Reset:
o Instant (default).
o Integrating.

• TD will start counting when voltage goes out of band, 
Instant Reset will reset the count to zero instantly 
when voltage returns to within the band.

• With Integrating Reset the timer will count backwards 
towards zero when voltage is returns to within the 
band.

• Integrating will increase operations but help keep a 
flatter voltage profile.

Basics of Voltage Regulation

Basic Control Settings – Time Delay
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Basic Control Settings
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• Long Feeders may require additional regulators closer to the load.

• This creates a coordination issue with Time Delay settings on each regulator.

• In order to reduce regulator operations, the regulator closest to the source should be 
allowed to operate first.

• It is recommended that each regulator after the closest to source have an additional 15 
seconds delay to avoid hunting.

Time Coordination

Basic Control Settings – Time Delay
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• Cascaded Regulators
o If Regulator 2 has a time delay less than regulator 1 and Load 3 has a large increase, both 

regulators will be out of band -  Low and will start timing.
o R2 will time out first and take a tap to raise voltage.
o R1 will still see a low voltage thus will continue timing and take a tap to raise voltage.
o R2 now sees a high voltage and will take a tap to lower the voltage.
o By not doing the proper coordination R2 took two unnecessary taps.

Hunting

Load 1

Vbus

Load 2 Load 3

Regulator 1 (T) Regulator 2 (t)

Raise

Lower
Load

Raise

Basic Control Settings – Time Delay
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• Voltage Drop is due to current through the resistive and reactive network of 
distribution system and customer loads.

• As current increases, voltage drop increases.

• Reactive current increases cause 3 – 4 times more voltage drop as majority of 
impedance is reactive.

 Typical X/R ratios 3:1 to 6:1.

LDC is Used to Compensate for Voltage Drop

Basic Control Settings
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• LDC allows voltage regulation closer to the load accounting for line impedance, load 
and associated voltage drop

• Used to maintain voltage at a remote load center
• Two types of LDC are provided: R/XL and Z

Line Drop Compensation (LDC)

BUS

Regulator

R+jX
Line

Load Center

Basic Control Settings - LDC



V O L T A G E  R E G U L A T I O N  O F  T H E  D I S T R I B U T I O N  G R I D  -  3

• Without LDC the voltage is high at the front of the circuit at all times to account for the full 
load scenario that may cause low voltage at the end of the circuit.

• With LDC the voltage at the front of the circuit is lower at low load levels and raises as the 
load increases.

Basic Control Settings- LDC
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Vo
lta

ge

0
1005010 150

Percent of Full Load Current – Forward Power Only

5

10

15

20

25

200

2V

5V

10V

15V

Notice there is no cap on the 
compensation however the 
block raise setting will limit the 
high voltage.

LDC voltage vs load current – Forward power only 

Basic Control Settings - LDC 
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Line Drop Compensation

Loads Loads Loads Loads

Loads Loads

LTC REG

1pu

0.95pu

1.05pu

  Power Floww  

Distance 

DERDER DERDER
Loads

Basic Control Settings -LDC
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Line Drop Compensation and DG - Evening with No DG Online

Loads Loads Loads Loads

Loads Loads

LTC REG

1pu

0.95pu

1.05pu

  Power Floww  

Distance 

DERDER DERDER
Loads

400 amps

100 amps

0 amps 0 amps 0 amps 0 amps

Basic Control Settings - LDC
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Line Drop Compensation and DG - Partly Sunny

Loads Loads Loads Loads

Loads Loads

LTC REG

1pu

0.95pu

1.05pu

  Power Floww  

Distance 

DERDER DERDER
Loads

320 amps

40 amps

20 amps 20 amps 20 amps 20 amps

Basic Control Settings - LDC
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Line Rise Compensation - Sunny

Loads Loads Loads Loads

Loads Loads

LTC REG

1pu

0.95pu

1.05pu

  Power Floww  

Distance 

DERDER
Loads

DERDER80 amps

260 amps

120 amps 120 amps 120 amps 120 amps

Basic Control Settings - LDC
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Forward PowerReverse Power

Vo
lta

ge

-10
0-50-100 50

Percent of Full Load Current

-5

0

5

10

15

100

2V

5V

10V

15V
Notice that if the current 
is in reverse direction, the 
voltage is dropped instead 
of raised. The block lower 
voltage setting will limit 
low voltage in reverse 
direction due to line drop 
compensation.

LDC voltage vs load current – with Reverse Power 
Basic Control Settings - LDC
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Blocking 

Two types of blocks:
1. Block only:

1. Overcurrent blocking.
2. Undervoltage blocking.
3. Overvoltage blocking.
4. Tap position.
5. Reverse power.
6. Comm block.
7. Cooper Motor Seal-In switch.
8. Low current block.

2. Runback:
1. Overvoltage runback.

Basic Control Settings - Blocks
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Blocking – Current Limit 

1. Controller only rated for 200 ma.

2. When load current exceeds preset limits, controls are blocked.

3. Set via the LineLimit Current Setpoint.

4. Can be configured to Alarm.

5. Blocks both raise and lower for both automatic and remote.

6. Used for line regulators that may be tied to pick up addition load 
during switching/emergencies that cause the regulator to be overloaded.

Basic Control Settings - Blocks
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Blocking – Undervoltage Block: 

1. Used to keep voltage from dropping to low which could cause motors to stall.

2. If voltage falls below this level, voltage reduction is blocked and all Lower commands are blocked.

3. Can be configured from 95.0 – 135.0 Vac in 0.1 Vac increments.

4. Blocks lower in automatic and remote.

5. Can be configured to Alarm.

Upper
Band Edge

Lower
Band Edge

Band Center 120 V

121V

119V

Block Lower 114V

1V

1V

6V

Basic Control Settings - Blocks



V O L T A G E  R E G U L A T I O N  O F  T H E  D I S T R I B U T I O N  G R I D  -  3

Blocking – Block Raise: 

1. Used to keep voltage from going to high.

2. If voltage goes above this level, all Raise commands are blocked.

3. Can be configured from 95.0 – 135.0 V.ac in 0.1 V.ac increments.

4. Blocks lower in automatic and remote.

5. Can be configured to Alarm.

6. Supervised LDC.

Upper
Band Edge

Lower
Band Edge

Band Center 120 V

121V

119V

Block Raise 128V

1V

1V

8V

Basic Control Settings - Blocks
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Blocking – Force Lower 

Overvoltage Runback – Block Raise

1. If voltage exceeds this level, Raise commands are blocked and Lower commands 
are issued until voltage goes below this level.

2. Lower commands will be issued immediately without time delay.

Upper
Band Edge

Lower
Band Edge

Band Center 120 V

121V

119V

Block Raise

Block Lower

128V

114V

130VDead Band
2V Setting

1V

1V

6V

6V

Overvoltage Runback

Overvoltage Block

Undervoltage Block

Basic Control Settings – Blocks First House Protection
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Blocking – Tap Position

 

1. Requires the tap position to be monitored using Keep Track (Regulator Internal).

2. Control allows different settings for the block on the lower and the block on the raise.

3. Incorrect tap position will cause undesirable blocking.

4. Can be used to generate alarms.

5. Will block automatic and remote.

6. Used with line regulators to limit tap range when adding additional load due to switching.

- Blocks

Regulator Controls Block on Tap (Load Bonus)
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Basic Control Settings – Blocks on Tap
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Nameplate Data to Locate – 
Siemens Regulators
1) PT Ratio
2) CT Ratio
3) Any Voltage 

Correction Factor

4) Regulator Type
5) Load Rating with Tap 

Block



V O L T A G E  R E G U L A T I O N  O F  T H E  D I S T R I B U T I O N  G R I D  -  3

Three Phase Wye Grounded 4-Wire Connection
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Open-Delta Connection
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Testing Open Delta for Lead and Lag

The LDC X Test

1. Place both regulators in manual and on the same tap.
2. Configure both controls to have same Bandcenter, Bandwidth  and time delay.
3. Configure the R in both to 0 and the X in both to 10.
4. Place the controls in Auto.
5. After the finish tapping the regulator closest to 16R is the lagging regulator and the regulator closest 

to 16L is the leading regulator.

The Power Factor Test

1. Place both regulators in manual and on the same tap.
2. Configure both controls to have same Bandcenter, Bandwidth  and time delay.
3. Configure the R in both to 0 and the X in both to 0.
4. Place the controls in Auto.
5. If the power factor is between 0.81 lag and 0.91 lead, then the lagging regulator will be raising the 

voltage and the leading regulator will be lowering the voltage.
6. If the power factor is below 0.81 lag, then both regulators will raise the voltage and the one at the higher 

voltage will be the lag.
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Testing Open Delta for Lead and Lag

The Power Factor Test

1. For each regulator start with the phase angle set to 30 degrees and then record the power factor.  
Change it to 330 degrees and record the power factor.  You will see on each regulator that one of the two 
power factors will look correct.

2. As an example:

 Lag Lead
1. Reg1 .91          -.77
2. Reg2 .21 0.92

In this example, Reg 1 would be the lag regulator and Reg 2 would be the lead regulator.
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Three Phase Closed Delta Connection

1. For closed delta all three regulators will either be lead or lag.  Using the same power factor test and 
above for the open delta, one can determine whether they should be lead or lag.

1- A-C         2- B-A               3- C-B
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ANSI Regulator Types

Step-Voltage Regulators 

A step-voltage regulator is “a voltage regulator in which the voltage and (or) phase angle of the regulated circuit 
are controlled in steps by means of taps without interrupting the load.”4 There are two types of step-voltage 
regulators as defined by the ANSI: 

(1) Type A, also known as “straight” design, and 
(2) Type B, also known as “inverted” design. 
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ANSI Type A Regulator
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ANSI Type B Regulator
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S L

SL

S L

SL

All Type A (Straight) Regulator 
16 Raised 16 Lower

V in V inV out V out

V Series V Series

Vout = Vin + Vser

Vser = 0.1 Vin

Vout = Vin + 0.1 Vin

Vout = 1.1 Vin

% Reg = l(Vout – Vin)l/Vin

            = l(1.1Vin –Vin)l/Vin

            = 0.1/1
            = 10% =.75 V/tap

10% 10%

Vout = Vin - Vser

Vser = 0.1 Vin

Vout = Vin - 0.1 Vin

Vout = 0.9 Vin

% Reg = l(Vout – Vin)l/Vin

            = l(0.9Vin –Vin)l/Vin

            = 0.1/1
            = 10% = .75V/tap
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Cooper Regulator Inverted Design, ANSI type B
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GE, Howard and Siemens Regulator Inverted Design, ANSI type B
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Typical Voltages per Tap
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Typical Allowable Voltage Per Tap
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Siemens Regulating Issuing a Raise
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Regulator causing flicker due to worn tap
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Motor start cause sag
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Controller capturing harmonics
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Controller Dat Log 5 Minute Samples
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Controller Dat Log 5 Minute Samples – Drilling Down
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Controller Dat Log 5 Minute Samples – Drilling Down
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www.BeckwithElectric.com

(727) 544-2326

Bob McFetridge –Hubbell 
Utility Solutions – Beckwith 
Electric

919-675-3372  
910-777-4910  home 
bmcfetridge@hubbell.com
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